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P r e f a c e 
E l e c t r o m e t r i c t i t r a t i o n s are d i v i d e d i n t o tv/o c l a s s e s ; 
conductometric and p o t e n t i o m e t r i e t i t r a t i o n s . I n conductometric 
t i t r a t i o n s , the end-point i s d e t e c t e d by measuring the change of 
e l e c t r i c a l conductance d u r i n g the t i t r a t i o n and p l o t t i n g the v a l u e 
thus o b t a i n e d on a graph. I n p o t e n t i o m e t r i c t i t r a t i o n s , the end-
p o i n t i s d e t e c t e d by measuring the change i n p o t e n t i a l of a s u i t a b l 
e l e c t r o d e d u r i n g the t i t r a t i o n . 
T h i s t h e s i s c o n t a i n s a g e n e r a l d e s c r i p t i o n of the t h e o r y and 
technique of p o t e n t i o m e t r i c t i t r a t i o n s . 
R e f e r e n c e s used: 
" P o t e n t i o m e t r i c T i t r a t i o n s , " by K o l t h o f f and Furman 
"The J e t e r m i n a t i o n of Hydrogen I o n s , " by V/. H. C l a r k 
" Q u a n t i t a t i v e A n a l y s i s , " by Stephen Popoff 
" L a b o r a t o r y Course i n E l e c t r o c h e m i s t r y , " by O l i v e r p. h a t t s 
" A p p l i e d E l e c t r o c h e m i s t r y , " by 11. J e Kay Thompson 
" V o l u m e t r i c A n a l y s i s , " by F r a n c i s S u t t o n 
" E l e c t r o c h e m i s t r y , " by H. J e r n a i n C r e i g h t o n 
P o t e n t i o m e t r i c T i t r a t i o n 
I n the study of p o t e n t i o m e t r i c t i t r a t i o n the r e a c t i o n s of 
io n s are of pri m a r y importance. The term i o n comes from the Greek 
meaning "a t r a v e l l e r . " I t i s the g e n e r a l term f o r a substance 
v/hich by r e a s o n of a net e x c e s s of p o s i t i v e or n e g a t i v e chai-ge or 
charges, t r a v e l s i n an e l e c t r i c f i e l d . 
E l e c t r o l y t e s are d e f i n e d as su b s t a n c e s t h a t , i n s o l u t i o n , a re 
more or l e s s c o m p l e t e l y d i s s o c i a t e d i n t o i o n s . E l e c t r o l y t e s ma;/ 
be c l a s s i f i e d as s t r o n g or weak. Stro n g e l e c t r o l y t e s a c c o r d i n g to 
modern co n c e p t i o n s are completel;/ d i s s o c i a t e d i n t o t h e i r i o n s . 
I n s o l u t i o n s of weak e l e c t r o l y t e s some u n d i s s o c i a t e d m o l e c u l e s 
0 c cur . 
During the course of a t i t r a t i o n the i o n c o n c e n t r a t i o n changes 
over a c o n s i d e r a b l e range. Alien r e p r e s e n t i n g g r a p h i c a l l ; ' - the course 
of the t i t r s - t i o n as a f u n c t i o n of the amount of the r e a g e n t , the i o n 
c o n c e n t r a t i o n i s e x p r e s s e d by the i o n exponent. For example, i n 
the t i t r a t i o n of 0.1 N s i l v e r n i t r a t e s o l u t i o n w i t h potassium 
i o d i d e , the s i l v e r i o n c o n c e n t r a t i o n changes from I C ' I I to 10"'*IT. 
The s i l v e r i o n c o n c e n t r a t i o n d e c r e a s e s 10''^fold d u r i n g the t i t r a t i o n 
E x p r e s s i n g i t a s the i o n exponent, i t i s a change of 1 to 15, i . e . , 
an i n c r e a s e of 14 u n i t s . 
The c o n c e n t r a t i o n of the hydrogen i o n i n f l u e n c e s almost a l l 
r e a c t i o n s , v/hethcr the;^ are n e u t r a l i z a t i o n or p r e c i p i t a t i o n or 
o x i d a t i o n - r e d u c t i o n r e a c t i o n s . 
Host n e u t r a l i z a t i o n r e a c t i o n s i n v o l v e r e a c t i o n s between 
hydrogen i o n s and h y d r o x y l i o n s to form l i t t l e i o n i z e d w a t e r 
m o l e c u l e s . The e q u a t i o n : 
H''+0H'^H_^0 
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The r e a c t i o n i s r e v e r s i b l e f o r v/ater i o n i z e s i n t o hydrogen 
and h y d r o x y l i o n s . 
The i o n i z a t i o n c o n s t a n t f o r water has been e x p e r i m e n t a l l y 
determined and foxind to be e q u a l to 1x10"'*^ I n a n e u t r a l s o l u t i o n , 
the c o n c e n t r a t i o n of the hydrogen i o n e q u a l s the c o n c e n t r a t i o n of 
the h y d r o x y l i o n . The product of the hydrogen i o n c o n c e n t r a t i o n 
and the h y d r o x y l i o n c o n c e n t r a t i o n must ecgial the i o n i z a t i o n con-
s t a n t of w a t e r . 
Ĉ x̂Ĉ =̂C„̂ , 
T h e r e f o r e , hydrogen i o n c o n c e n t r a t i o n e q u a l s 10 i n an a b s o l u t e l y 
n e u t r a l s o l x i t i o n . S o l u t i o n s which have a hydrogen i o n c o n c e n t r a t i o n 
g r e a t e r than 10''^ are a c i d i c , w h i l e those v/ith hydrogen i o n concen-
t r a t i o n s m a l l e r t h a n 10'''^are b a s i c or a l k a l i n e . 
The symbol pH i s used to r e p r e s e n t the hydrogen i o n c o n c e n t r a -
t i o n . I t i s e q u a l to mimis the l o g a r i t h m of the c o n c e n t r a t i o n of 
the hydrogen i o n e x p r e s s e d as a pov;er of t e n . Thus i f the concen-
t r a t i o n of hydrogen i o n was e q u a l to 10"^, the pH v a l u e would be 3. 
The n e u t r a l i z a t i o n r e a c t i o n s of s t r o n g a c i d s and bases which 
are h i g h l y or c o m p l e t e l y i o n i z e d , v/lien e q u i v a l e n t v/eights are brought 
t o g e t h e r , r e s u l t s i n f o r m a t i o n of a n e u t r a l s a l t and w a t e r . The 
c o n c e n t r a t i o n of hydrogen i o n a f t e r the r e a c t i o n w i l l be p r a c t i c a l l y 
t h a t of w a t e r . B u t , i f the a c i d or base or both are weak, i . e . , 
have s m a l l i o n i z a t i o n c o n s t a n t s , the s a l t t h a t i s formed w i l l not 
g i v e a n e u t r a l s o l u t i o n y;hen e q u i v a l e n t w e i g h t s of r e a c t i n g sub-
s t a n c e s have been used. The hydrogen i o n c o n c e n t r a t i o n of the r e s u l t -
i n g s o l u t i o n w i l l not be t h a t of water but e i t h e r h i g h e r or lower 
depending on the n a t u r e of the base and a c i d brought i n t o the r e a c t i o n . 
One should aim to stop a t i t r a t i o n a t the t r u e end-point, the 
e q u i v a l e n t p o i n t . One uses i n d i c a t o r s i n order to determine the 
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eci i v a l e i i t p r i n t i n a g i v e n r e a o t i o n . Hot a l l i n d i c a t o r s change 
c c ] o r a t the t r u e end-T.oint. I n order to s e l e c t the proper 
i n a i c a t c r i n a r e a c t i c n , i t i s n e c e s s a r y to knew a t what pK v a l u e 
the r e s p e c t i v e i n u . i e a t o r s change c o l o r and use them a c c o r d i n g l y . 
I n d i c a t o r s a r e weak o r g a n i c a c i d s or weak o r g a n i c bases v/hich 
change c c l o r a t some a e d i n i t e range or l i m i t e a r e g i o n of hydrogen 
i o n c o n c e n t r a t i o n . The change i n c o l o r nay be from one c o l o r to 
another or dror. c o l o r l e s s to c o l o r e d or v i c e v e r s a . The i n d i c a t o r s 
cannot be s t r o n g a c i d s or s t r o n g ba,ses as they w i l l r e c r h r e an 
a p p r e c i a b l e amount of one of the r e a g e n t s e n t e r i n g i n the r e a c t i c n . 
A complete l i s t of i n d i c a t o r s t h e i r c o l o r changes, and the 
pR v a l u e s and hydrogen i o n c o n c e n t r a t i o n s a t which they change 
c o l o r i s p r o v i d e d by C l a r k . There are i n d i c a t o r s v/hich cover the 
whole pH range. For example, methyl orange changes i t s c o l o r 
from y e l l o w to p i n k when the s o l u t i o n i s c o m p a r a t i v e l y a c i d i c , the 
c o n c e n t r a t i o n of the hyarogen i o n b e i n g 10"'^. Litmus changes i t s 
c o l o r a t the n e u t r a l p o i n t , the c o n c e n t r a t i r n of the hydrogen i o n 
being 10"'^. Vhiile p h e n o l p h t h a l e i n changes i t s c c l o r from c o l o r l e s s 
to p i n k when the s o l u t i o n i s c o m p a r a t i v e l y b a s i c , the hydrogen i o n 
c o n c e n t r a t i o n b e i n g 10 
I f one can deter-;ine the hydrogen i o n c o n c e n t r a t i o n of the 
e q u i v a l e n t p o i n t of a g i v e n n e u t r a l i z a t i o n r e a c t i c n , one can 
s e l e c t the i n d i c a t o r or i n a i c a t o r s which change c o l o r a t t h a t 
p a r t i c u l a r hydrogen i o n c o n c e n t r c a t i c n . 
I n t i t r a t i o n s i n v o l v i n g a s t r o n g a c i d and a v^eak base an 
i n d i c a t o r which changes c c l o r i n a c i d s o l u t i o n must be us'd s i n c e 
the e q u i v a l e n t p o i n t i s reached i n c o m p a r a t i v e l y a c i d s o l u t i o n . 
For t h i s r e a s o n methyl orange i s used j.'cr such r e a c t ; ens as the 
n e u t r a l i z a t i o n of ammoni/im hydroA.ide ( a v/eak base) w i t h h y d r o c h l o r i c 
a c i d ( a strorxg a c i d ) . 
I n case of t i t r a t i o n of weak a c i d s v/ith s t r o n g "bases, the 
s o l u t i o n a t the t r u e end-point i s a l k a l i n e . T h e r e f o r e an i n d i c a t o r 
i s used which changes c o l o r i n a c o m p a r a t i v e l y a l k a l i n e s o l u t i o n . 
P h e n o l p h t h a l e i n i s an example of such an i n d i c a t o r . I t i s siaita"ble 
f o r n e u t r a l i z a t i o n of sodium h y d r o x i d e ( a s t r o n g b a se) w i t h o x a l i c 
a c i d ( a weak a c i d ) . 
I n t i t r a t i o n s i n v o l v i n g s t r o n g a c i d s and s t r o n g b a s e s , the 
solT-ition i s n e u t r a l v/hen the r e a c t i o n r e a c h e s the end-point. Litmus 
i s an example of an i n d i c a t o r s u i t a b l e f o r such a r e a c t i o n . 
The v i s u a l method of c o n s t r u c t i n g a graph from e x p e r i n e n t a , l dat 
c o n s i s t s i n p l o t t i n g the volume of the r e a g e n t added a g a i n s t the 
pH v a l u e or the hydrogen i o n c o n c e n t r a t i o n . Upon i n s p e c t i o n of the 
curve one f i n d s t h a t the change i n the hydrogen i o n c o n c e n t r a t i o n 
i s g r a d u a l as the n e u t r a l i z a t i o n proceeds. B u t , a p o i n t i s reached 
when the change "becomes more and more abrupt on s u c c e s s i v e a d d i t i o n s 
of the reagent u n t i l f i n a l l y a v e r y l a r g e change i n c o n c e n t r a t i o n 
of hydrogen i o n t a k e s p l a c e . The e q u i i / a l e n t p o i n t i s somev/here on 
t h i s l a r g e change. I n most c a s e s i t i s t a k e n to be the p o i n t mid-
v/ay i n the l a r g e change i n the c u r v e . 
Sometimes more than one i n d i c a t o r i s used, as i n the case of 
t i t r a t i o n of phosphoric a c i d . The d i f f e r e n t i n d i c a t o r s i n d i c a t i n g 
the stage of d i s s o c i a t i o n . I n the case of phosphoric a c i d t h e r e are 
t h r e e s t a g e s . 
( 1 ) H^?0,^^Ii"^f-H^?o;' 
( s ) H , P O ; ^ H VH P O ; 
( 3 ) HPO^"-H' '+POX 
Methyl orange changes c o l o r when the f i r s t stage i s complete; 
p h e n o l p h t h a l e i n changes c o l o r when second stage i s complete. The 
r e s u l t s are approximate but r e p r e s e n t d i f f e r e n t i o n i z a t i o n l e v e l s . 
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The oecond t y r e of r e a c t l r n s i n which hydrogen i o n c o n c e n t r a t i c n 
p l a y s a p a r t i s p r e c i p i t a t i o n r e a c t i o n s , w h i l e i n n e u t r u l i z a t l o n 
r e a c t i o n s l i t t l e i c n i z e d or s l i g h t l y s o l u b l e g a s e s , or both are 
formed, i n p r e c i p i t a t i o n r e a c t i - n s s l i g h t l y s o l u b l e p r e c i p i t a t e s 
are formed. These p r e c i p i t a t e s , a l t h o u g h s r l u b J e to a v e r y sma].l 
e x t e n t , a,re probably i n most c a s e s c o m p l e t e l y i o n i z e d . I t i s most 
l i i c e l y t h a t most i n o r g a i i i c s a l t s are p r e s e n t on l y as ions when 
d i s s l c v e d i n w a t e r . The s a l t s may not behave as though they are 
com p l e t e l y i o n i z e a , because of the a t t r a c t i o n t h a t i s bound to 
e x i s t among p a r t i c l e s b e a r i n g opposite c h a r g e s . I f the s o l u t i o n 
i s s u f f i c i e n t l y d i l u t e , as i t i s i n ease of s p a r i n g l y s o J u b l e 
p r e c i p i t a t e s , the a t t r a c t i o n among the i o n s w i " ' l be n e g l i g i b l e 
and the s a l t s w i i l behave as c o m p l e t e l y i o n i z e d s o l u t e s . T h i s 
i s a l s o t r u e of p r e c i p i t a t e s l i k e f e r r i c h y d r o x i d e and o t h e r s , 
which are not s a l t s . 
I f the s o l i d i s composed of i o n s only and i f t h e r e i s no non-
i o n i z e d portJ.cn i n s o l u t i o n , then i o n s go from the s o l i d s t a t e to 
the s o l u t i o n and from the s o l u t i o n back to the s o l i d s t a t e . 
E q u i l i b r i u m e x i s t s . 
A g c i Ag"^-cr 
( s o l i d ) ( s o l . ) 
There are s e v e r a l methods of d e t e r m i n i n g the s o l u b i l i t y of 
s p a r i n g l y s o l u b l e p r e c i p i t a t e s . Of these t h e r e a r e : pure c h e m i c a l 
a n a l y s i s method, e l e c t r o c h e m i c a l method and c o n d u c t i v i t y method. 
The c h e m i c a l a n a l y s i s method c o n s i s t s i n the d e t e r m i n a t i o n 
of the c o n c e n t r a t i o n of the i o n s by g r a v i m e t r i c or v o l u m e t r i c 
procedures or both. 
The e l e c t r o c h e m i c a l method i s the e l e c t r o m o t i v e f o r c e method. 
I t c o n s i s t s i n d e t e r m i n i n g the s o l u b i l i t y by measuring the e l e c t r o -
6. 
motive Tcroe of a s u i t a b l e c e l l i n v o l v i n g t i e j - . r e c i p i t a t e . bhen 
condticting a t i t r a t i e n of t i . i s s o r t i t may be t h a t p r e c i p i t a t i c n 
w i l l n e t occur a t once anu t h i ^ t the s o l u t i o n w i l l remain super-
s a t u r a t e d to a l a t e p o i n t . Then, w i t h the f o r m a t i o n of a p r e c i p i t a t e 
the plJ v a l u e jumps back to the p o i n t a t which ] r e c i p i t a t i o n should 
have o c c u r r e d . The t r u e s o l u b i l i t y of a ccnpound may be regarded 
as indepenuent of the hydrogen i o n c o n e e n t r a t - f n of the s o l u t i o n ; 
but i f the compound i s an a c i d or a base or an ampholyte, some of 
the m a t e r i a l paesent i n s o l u t i o n nay be i o n i z e d and the apparent 
S ' l a b i l i t y w i l l i n c l u d e both the i o n i z e d and unicni/'ed forms. 
T h e r e f o r e , the t o t a l or apparent s o l u b i l i t y i s a l u n c t i r n of pK. 
The o t h e r method, the c o n d u c t i v i t y method, c o n s i s t s i n the 
d e t e r n i n a t i cn of the c o n d u c t i v i t v of t i e s a t - r a t e d s o l u t i o n and from 
the c o n d v c t i v i t y the c o n c e n t r a t i o n of the i o n s i s c a l c u l a t e d . 
The t h i r d type of r e a c t i o n i n which hydrogen i o n c o n c e n t r a t i c n 
p l a y s a p a r t i s o x i d a t i o n - r e d u c t i o n r e a c t i r - n s . O x i d a t i o n - r e d u c t i o n 
r e a c t i o n s , i n c a s e s v;here some, a t l e a s t , of the r e a c t i n g s v b s t a n c e s 
are i o n s , c o n s i s t s e s s e n t i c u l i y i n the t r a n s f e r of one or more e l e c t r o n s 
from one atom or i o n to another, v;ith r e s u l t i n g reari-angement of 
atoms. O x i d a t i o n then i s the l o s s of one or loore e l e c t r o n s b;p an 
atom or i o n . R e d u c t i o n i s the or/ o s i t e ciumge, the g a i n of one or 
more e l e c t r o n s by an atom or i o n . 
An o x i d i z i n g agent i s a substance which can r e a c t w i t h o t h e r 
s u b s t a n c e s , c a u s i n g them to be o x i d i z e d . I n so doing the o x i d i z i n g 
agent i t s e l f i s reduced. Thus the f e r r i c i o n and the permanganate 
ion are o x i d i z i n g a g e n t s . An o x i u i z i n g agent has a g r e a t e r a f f i n i t y 
f o r e l e c t r o n s than the s-abstance which i t o x i d i z e s and thus can t a k e 
e l e c t r o n s a.way from them. 
A r e d u c i n g agent i s a substance t h a t can r e a c t w i t h other 
s u b s t a n c e s , c a u s i n g them to be r e d u c e d , i'errous i o n and stannous 
i o n are r e d u c i n g a g e n t s . A r e d u c i n g agent i s a substance which 
can r e a d i l y i i a r t w i t h some of i t s e l e c t r o n s . 
I n any o z i d a t i o n - r c d u c t i o n r e a c t i o n t h e r e must be both o x i d a t i o n 
and r e d u c t i o n , and the t o t a l o x i d a t i o n must be e q u a l to the t o t a l 
r e d u c t i o n . The substance o x i d i z e d g i v e s vp a c e r t a i n d e f i n i t e 
number of e l e c t r o n s which must a l l be t a k e n up by the substance 
reduced. , _ 
As an example of a n a l y t i c a l methods based on o x i d a t i o n - r e d u c t i o n 
r e a c t i o n s , c o n s i d e r the v o l u m e t r i c d e t e r m i n a t i o n of i r o n . I r o n 
i n s o l p i t i o n i n the f e r r o u s s t a t e i s q u a n t i t a t i v e l y o x i d i z e d to f e r r i c 
i o n by permanganate. The e q u a t i o n i n the m o l e c u l a r form: 
10FeS(\ 2XrjiO^-hQEMA^ 5Fe^ ( 30 ^ +2IIn30^+K^S0^-»-3Ii,0 
I t can be determined e x a c t l y how much s t a n d a r d permanganate 
s o l u t i o n i s reouii'ed to o x i d i z e the f e r r o u s i o n i n a g i v e n unknown 
s o l u t i o n and the amount of f e r r o u s i o n p r e s e n t can be c a l c u l a t e d . 
The end-point i n t h i s r e a c t i c n can be determined by e l e c t r o c h e m i c a l 
method. U s i n g a calomel e l e c t r o d e a.nd a p l a t i n u m e l e c t r o d e to form 
a c e l l and t i t r a t i n g a known volume of the i r o n s o l u t i o n i n the 
f e r r o u s s t a t e w i t h permanganate, the E . J I . F . can be r e a d on the 
p o t e n t i o m e t e r . The E . I I . F . w i l l change s l o w l y as a d d i t i o n a l volumes 
of permanganate are added u n t i l the end-point i s r e a c h e d . At the 
end-point t h e r e i s a l a r g e and abrupt oiiange i n p o t e n t i a l showing 
t h a t a l l the i r o n i n the f e r r o u s s t a t e has been c o n v e r t e d to the 
f e r r i c s t a t e . Other o x i d i z i n g agents may be s u b s t i t u t e d f o r per-
manganate, one such b e i n g dichromate i o n , Cr^O^T Data, secured 
e x p e r i m e n t a l l y , on two such v o l u m e t r i c o x i d a t i o n - r e d u c t i o n r e a c t i o n s 
i s r e c o r d e d on f o l l o v / i n g pages. 
Some k i n d of an i n d i c a t o r i s needed i n a l l t i t r a t i o n s i n order 
8. 
to shov/ when e q u i v a l e n t q u a n t i t i e s of r e a c t i n g s i i b s t a n c e s have 
been brc-ight t o g e t h e r . A r a e t a l i n c o n t a c t v/ith a s o l u t i o n of i t s 
i o n s , as v/eli as an u n a t t a c k a b l e raetal J i b e p l a t i n i i n i n c o n t a c t 
w i t h a s o l u t i o n of metal i o n s capable of e i t h e r g i v i n g up e l e c t r o n s 
to or t a k i n g up e l e c t r o n s from the p l a t i n u m , d e v e i c p s a p o t e n t i a l 
which i s a f u n c t i o n of the c o n c e n t r a t i o n of the ions i n s o l u t i o n , 
other c o n d i t i o n s r e m a i n i n g c o n s t a n t . 
At the end-point i n e v e r y t i t r a t i o n , t h e r e i s a m.arked change 
of c c n c e n t r a t i r n of one of the r e a c t i n g s u b s t a n c e s . The p o t e n t i a l 
which depends tipon the oonoentrai;ion of the i o n s p r e s e n t , e i t h e r 
i n c r e a s e s or d e c r e a s e s suddenly. 
For ti.e purpose of measuring p o t e n t i a l t h e r e are s e v e r a ] 
e l e c t r o d e s which ca.n i;e used. Of t h e s e , the caiomel e l e e t r o d e , 
the hydrogen e l e c t r o d e , the p l a t i n u m w i r e e l e c t r - c d e , the quinhydrone 
e l e c t r o u e and the g l a s s e l e c t r o d e should be nenti'-ned. 
The hyarogen e l e c t r o d e : hiien a noble m e t a l , coated v/ith an 
adherent l a y e r of a noble me t a l ( p r e f e r a b l y p l a t i n u m ) , i s 
s a t u r a t e d w i t l i hydrogen gas i t behaves l i V e an e l e c t r o d e of m e t a l l i c 
hydrogen. The hYJ.TCi/en e l e c t r o d e c o n s i s t s of a p l a t i r u m f o i l welded 
to a s h o r t p e i c e of p l a t i n u m v / i r e , which i s s e a l e d thror.gh the end 
of a g l a s s tube where i t makes oentaet w i t h a copper v/ire by means 
of a s o l d e r e d j o i n t or mcrcu.ry g l o b u l e . 'Ihe g l a s s tube i s v / i t h i n 
a s l i g h t l y v/ider tube wliioh c o n t a i n s a s i d e arm near the top to 
admit hydrogen g a s . A wide notch i s c u t i n the bottom of the outer 
tube to a l l o w the l i q u i d to r i s e h i g h enough to cover the lov/er 
h a l f of the f o i l . The p l a t i n u m f o i l i s coated w i t h an e l e c t r o l y t i c 
d e p o s i t i o n of g o l d from a cyanide b a t h . Then i t i s g i v e n an e x t r e m e l y 
t h i n e l e c t r o l y t i c p l a t e of p l a t i n u m b l a c k from a s o l u t i o n of 
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c h l c r o p l a t i n i o 8,cid c o n t a i n i n g a s n a i l q v i a n t i t y of l e a d a c e t s + e . 
Two of these e l e c t r o d e s are used as a c e l l f o r t i t r a t i o n purposes. 
The p o t e n t i a l of such an e l e e t r o d e i s a f u n c t i o n of the 
c o n c e n t r a t i o n of the hydrogen i o n and of the p r e s s u r e of the hy.Lrogen' 
g;. s, i f the temperature remains c o n s t a n t . The p r e s s u r e of the 
hydrogen gas can he kept oonstant . The e q u a t i o n f o r e l e c t r o m o t i v e 
f o r c e of a h;alroge.n e l e c t r o d e dipped i n t o a s c l n t ' o n c o n t a i n i n g 
hydrogen i o n s i s g i v e n by the f o l l o v / i n g f o r m u l a : 
RT 1 
E = — I n — 
nE c 
E i s the e l e c t r o m o t i v e f o r c e of a c e l l c o n s i s t i n g of one 
hydrogen e l e c t r o d e dipped i n t o s o l u t i o n normal v/ith r e s p e c t to i 
hydrogen i o n , and another hydrogen e l e c t r o d e dipped i n t o a s o l u t i o n 
of hydrogen i o n conoenti-at i cn e.. 
R i s g;,s c o n s t a n t m u l t i p l i e d by coulomb C8.32 j o u l e s per degree) 
T i s a b s o l u t e temperature, 298°=(aTVETS" ) 
n i s number of e l e c t r o n s e i t h e r gauned or l o s t . 
F i s f a r a d a y (96,500 coulombs) 
S u b s t i t u t i n g these v a l u e s and exchanging to common l o g a r i t h m s : 
8.52 X 298 1 
E = 2 .303 1 og — 
1 X 95,500 c 
The calomel electi-ode: I n common p r a c t i c e i t i s more convenient 
to measure E a g a i n s t a calomel e l e c t r o d e r a t h e r than a g a i n s t a normal 
hydrogen e l e c t r o d e . The cal o m e l e l e c t r o d e c o n s i s t s of mercury i n 
e q v i l i b r i i ' m v/ith a paste of morcurous c h l o r i d e and mercury, the . 
e l e c t r o l y t e being potassium c h l o r i d e s a t u r a t e d v/ith n e r c u r o u s c h l o r i d e 
There are t h r e e t y p e s of cal o m e l c e l l s d i f f e r i n g o n l y i n con-
centrfc^tion of potassium c h l o r i i l e . 
10. • 
C e l l Cone, of K C l E a t 25° 
0. 1 normal 0.1 N . . 0.3357 
1 . (- normal 1 .0 E . . ( .2822 
S a t u r a t e d Satura-'ed . 0.2440 
T h i s d a t a s e c u r e d u s i n g normal hydrogen e l e e t r o d e as s t a n d a r d . 
The s a t u r a t e d calomel e l e c t .-ode i s used m o s t l y f o r i t has 
the s m a l l e s t temperature c o e f f i c i e n t . The e q u a t i o n f o r E new becomes 
i n case of 0.1 normal c e l l , 
8.32 X 2:8 1 
E = .3357+ 2.303 l o g or 
1 X 96,503 c 
1 
E = .3357+0.0591 l o g — 
c 
1 
l e t t i n g pH=log~- , 
c 
E = .3357+0.0591 pll 
i n case of 1.0 normal c e l l , 
E = .2822+0.0591 pH 
and i n case of s a t u r a t e d c e i l , 
E = .2440+0.0591 pll 
I t i s e v i d e n t f j o n i n s p e c t i o n of these e q u a t i o n s f o r the p o t e n t i a l 
of an elcoti'ode dipped i n t o a s o l u t i o n c o n t a i n i n g hydrogen i o n 
t h a t E v a r i e s i n v e r s e l y v/ith the l o g a r i t h m of the c o n c e n t r a t i o n 
of hyarogen i o n , other c o n d i t i o n s r e m a i n i n g c o n s t a n t , bhen t h e r e 
i s a l a r g e and sudden change i n the co n c e n t i at ion of hydrogen ion 
i n a s o l u t i o n t h e r e w i l l be a c o r r e s p o n d i n g l y l a r g e and sudden change 
i n the valtu: of E . I n t i t r a t i o n s i n a c i d i n e t r y and a l k a l i n i t y 
t h e r e i s a l a r g e and sudden change i n c o n c e n t r a t i o n of hydrogen i o n 
a t e n d -point. T h i s sudden change i s denoted by an abrupt and l a r g e 
change i n i : a t end-point. There v / i l l be e i t h e r a l a r g e f a l l or a 
l a r g e r i s e i n p o t e n t i a l depending on whether one t i t r a t e s a base 
1 1 . 
w i t h an a c i d or an a c i d w i t h a base . 
The cuinhydrcdie e l e c t r o d e : T h i s e l e c t r o d e i s a v r j simple 
and convenient d e v i c e f o r the a c c u r a t e measurement of the hydrogen 
i o n c o n c e n t r a t i c n i n a c i d s n l n t J . r n s . 
'losi a n t h e r s r e p r e s e n t the t r a n s f o r m a t i o n of q--innne i n t o 
hydroQuinonc by t h i s e l e c t r c h e n i c a l eqviation: 
c,EyA^MMet=:^ cMny 
Two hydrogen i o n s are d i s c h a r g e d i n t l i i s r e a , c t i o n . The p o t e n t i a l 
of the e l e c t r c d r v / i l l t h e r e f o r e be: 
0.0591 K(qoinone)(:-I"^)'^ 
E = l o g a t 25. 
2 (hydro qninone) 
As quinhydrone i s an e q r i m o l e c i i l a r conround of qr.inone and 
hydroqninone, 
( q-oirione ) = ( hydronninone ) 
and 
0.0591 
L = — l o g Kd-l+f = E„+0.0591 l o g (K"^) 
2 
The quinhydrone e l e c t r o d e cha,nges i t s p o t e n t i a l i n e x a c t l y the same 
way, w i t h changes i n hydrogen i o n c o n c e n t r a t i o n , , as the hyOircgen 
e l e c t r o d e . 
Accord:u.g to B i i l m a n n and h i s c o l l a b o r a t o r s 
E^= 0.7044 v o l t ( r e f e r r e d to normal hydro.gen 
e l e c t r o d e ) 
The qvinhydrone e l e c t r o d e f u r n i s h e s us v/ith a r a p i d means f o r 
the determinat.i on of the hydrogen i o n c o n c e n t r a t i o n . The e l e c t r o d e 
i s a b r i g h t p i e c e of p l a t i n u m v ; i r e , f o i l , or gauze. The e l e c t r o d e 
i s naae ready f o r use by s h a k i n g the e l e c t r o l y t e f o r about a h a l f 
minute v;ith a l i t t l e or i n i i y d r o n e , then the measurement can be made. 
The quinhydrone i s v e r y s u i t a b l y p r e p a r e d as folloV'S: 
12. 
100 g r a n s of f e r r i c alum are d i s s o J v e d i n 300 c . c . of water a t G5 C., 
and t h i s s o l u t i o n i s poured i n t o a s o l u t i o n of 25 grams of hydroquinone 
i n 300 c . c . of w a t e r . The quinhydrone p r e c i p i t a t e s i n f i n e n e e d l e s ; 
a f t e r c o o l i n g i n i c e i t may he c o i l e c t e d by s u c t i o n . A f t e r 
r e c r y s t a l l i z a t i o n from w a t e r ( a c i d s o l u t i o n p r e f e r a b l e ) i t c o n t a i n s 
but a t r a c e of i r o n . 
I n c a r r y i n g out a t i t r a t i o n some quinhydrone i s added to the 
s o l u t i o n and a p l a t i n u m v/ire e l e c t r o d e i s dipped i n . The e l e c t r o m o t i v e 
f o r c e r a p i d l y becomes c o n s t a n t by s t i r r i n g v ; i t h a g l a s s r o d . I t i s 
v e r y c o n v e n i e n t f o r t i t r a t i o n of a c i d s , or of s a l t s of weak a c i d s 
w i t h s t r o n g a c i d s . A c c u r a t e r e s u l t s w i t h t h i s e l e c t r o d e can only 
be o b t a i n e d f o r pK vaJ.ues below thcot of 8. 
The p l a t i n u m e l e c t r o d e : T h i s e l e c t r o d e i s merely a p i e c e of 
b r i g h t pla.tinum w i r e s e a l e d i n t o a. g l a s s tube. Connection i s made 
w i t h a copper w i r e by mea.ns of m e r c u r y - f i l l e d tube . I t i s used i n 
the quinhydrone c e l l v / i t h a c a l o m e l e l e c t r o d e . 
The g l a s s e l e c t r o d e : Haber and K l e m e n s i e w i c z found t h a t the 
p o t e n t i a l between e l e c t r o l y t e s i n c o n t a c t w i t h the tv;o s i d e s of a 
t h i n g l a s s w a l l i s determined i n p a r t by the hydrogen i c n c o n c e n t r a t i o n 
of the s o l u t i o n , the two s i d e s of the g l a s s w a l l a c t i n g as g l a s s 
e l e c t r o d e s . T h i s p o t e n t i a l depends not only upon the hydrogen i o n 
c o n c e n t r a t i o n , but a l s o upon the c o n c e n t r a t i o n of the other i c n s 
which the g l a s s c o n t a i n s ( z i n c , l e a d , e t c . ) 
The set-up c o n s i s t s of a g l a s s bulb f i l l e d w i t h potassium 
c h l o r i d e s o l u t i o n . T h i s bulb i s p a r t i a l l y immersed i n the s o l u t i o n 
to be t i t r a t e d . One end of a p l a t i n u m w i r e d i p s i n t o the potassium 
c h l o r i d e s o l u t i o n and the other i s connected to a quadrant e l e c t r o m e t e r 
or some other s u i t a b l e d e v i c e f o r measuring E.X.F.. Another w i r e 
connects the quadrant e l e c t r o m e t e r w i t h a c a l o m e l e l e c t r o d e which 
13. • 
a l s o d i p s i n t o the s o l u t i c n to be t i t r a t e d . A l t h n i g h p r o v i d i n g a 
broad f i e l d f o r e x t e n s i v e r e s e a r e h , the g l a s s e l e c t r o d e i s of no 
p r a c t i c a l impcrtance i n a n a l y t i c a l t i t r a t i o n s . 
On the f o l l o v / i n g page i s a s k e t c h of a p r a c t i c a l se±-up f o r 
p o t e n t i o m e t r i c t i t r a t i o n s . The appara.tiis i s f i r s t b a l a n c e a v/ith 
the s t a n a a r d c e l l i n the c i r c u i t . The p o t e n t i e n e t e r i s s e t to r e a a 
the e x a c t amount f o r the known v a l u e of the p o t e n t i a l of the c e l l , 
the r e s i s t a n c e then a d j u s t e d i n the rheosta.t sc t h a t t h e r e i s no 
d e f l e c t i o n of the needle of the g a l v a n o n e * e r . Once the apparatus 
i s b a l a n c e d the r e s i s t a n c e must I'emain unchanged i n the r h e o s t a t . 
Pure hydrogen i s passed through tlie hy.Lrogen ei.ectrode u n t i l 
e q w i l i b r i u n i s r e a c h e d ( 3 to 5 m i n u t e s ) . The calomel e l e c t r o d e i s 
f l u s h e d by opening the stopcock on the sidearm f o r a few seconds. 
The calomel c e l l i s nrv/ put i n t o the c i r c - i t i n p l a c e of the 
s t a n d a r d c e l l , the key i s tapped and the r e a d i n g on the p o t e n t i o m e t e r 
a a j u s t e d u n t i l t h e r e i s no d e f l e c t i o n of the galvanometer n e e d l e . 
T h i s i s the p o t e n t i a l of the calomel c e l l i n v o l t s . 
D uring the course of a t i t r a t i o n r e a d i n g s are t a k e n of both 
the volume of reagent added and of E as r e a d on the p o t e n t i o m e t e r . 
U n t i l one n e a r s tl i e end-point or u n t i l the ciuinges i n p o t e n t i a l 
begin to be l a r g e i t i s p o s s i b l e to take r e a d i n g s e v e r y few c u b i c 
c e n t i m e t e r s of reagent added. But as one n e a r s the end-point, r e a d i n g 
sho-ila be made a f t e r each drop i s added. 
Cn f o l l o v / i n g pages t h e r e a r e s e v e r a l t y p i c a l t i t r a t i o n c u r v e s 
graphed. There are t i t r a t i o n c u r v e s of s t r o n g a c i d and s t r o n g base, 
v/eak a c i d and s t r o n g base, sa.lt of a s t r o n g base and a weak a c i d 
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